Routine cerebrospinal fluid (CSF) examination bears re-visiting as the body of knowledge has expanded and numerous new analytes touted as potential markers of CNS (central nervous system) diseases have emerged. Currently, visual assessment of CSF, microscopic examination for pathologic cells, and biochemical analysis for protein and glucose form the basis for routine CSF analysis. Further investigations that may be warranted include microbiology work-ups for CNS infections and immuno-detection for oligoclonal bands for multiple sclerosis. European guidelines for CSF analyses are available. CSF testing for other neurologic disorders (e.g. Parkinson's disease, Alzheimer's disease, and amyotrophic lateral sclerosis) while promising are not ready for prime time.
IndICAtIonS
CSF testing may help in the evaluation of CNS pathology such as infections, haemorrhage, malignancies and demyelinating diseases. (See Fig.  1 for the respective CSF profiles). In patients with acute stroke, it is vital to distinguish haemorrhagic from ischaemic stroke. While CSF evaluation is important in this regard, diagnostic certainty requires neuroimaging 6 .
ChEmICAl ExAmInAtIon macroscopic Examination
Normal CSF is usually clear and colourless like water. CSF turbidity may be caused by increased cell count (WBC leucocytes, erythrocytes, bacteria, fungi and parasites), contrast media or aspiration of epidural fat during LP. Blood-stained CSF is pinkred in appearance and may be grossly bloody when the RBC (red blood cell) count > 6000/uL. When blood is present in a CSF specimen, it is necessary to determine whether it is due to a traumatic LP or intracranial bleeding. The incidence of traumatic Proceedings of Singapore Healthcare  Volume 19  Number 4  2010 lumbar puncture has been estimated to be between 10-20% 7, 8 . A traumatic LP may be indicated by CSF clearing (decrease RBC count between the first and fourth tubes), clear supernatant on centrifugation, blood clots on standing and xanthochromia (palepink to orange discolouration of CSF from RBC lysis and haemoglobin breakdown). However, a 25% reduction in RBC concentrations between the first and fourth tubes of CSF has been reported in patients with suspected subarachnoid hemorrhage (SAH) but negative head CT associated with ruptured aneurysms 9 . In the absence of a prior traumatic tap, xanthochromia indicates a subarachnoid bleed, which necessitates more active investigations such as neuroimaging. A negative CT scan using the newer generation instruments does not rule out SAH 10 . Xanthochromia is detected by centrifuging the CSF sample and visually examining the colour of the supernatant in most labs. Spectrophotometric determination of CSF Bilirubin has been recommended because of its increased technical and diagnostic sensitivity over visual inspection 11, 12 . However, direct CSF bilirubin measurements for detection of SAH remains unvalidated 13, 14 . Besides, there are other causes of xanthochromia including jaundice secondary to liver disease, xanthochromia in newborns related to maternal labour, haemolytic anaemia in newborns, interferences by carotenoids and drugs such as rifampin 15, 16 .
Glucose and lactate
CSF glucose is 50-60% of serum glucose so a normal CSF/Serum Glucose quotient is approximately 0 1-3 . A quotient of < 0.4-0.5 is considered pathological and may be used to differentiate bacterial and fungal meningitis from viral meningitis. CSF lactate has the same clinical relevance as CSF/Serum glucose quotient. While an increased CSF lactate level is detected earlier than CSF glucose it is not necessary to do both tests. 
CSF protein
CSF protein levels are usually elevated in patients with bacterial meningitis and to a lesser degree in viral meningitis. Besides meningitis, increased CSF protein with increased cell count is also seen in SAH, CNS vasculitis and CNS neoplasm. Elevated CSF protein with normal cell counts (also referred to as albumin-cytologic dissociation) is found in acute and chronic inflammatory demyelinating polyneuropathies such as Gullain-Barre Syndrome 2,3 .Since albumin is only produced in the liver, the CSF-serum albumin quotient (Q alb =Alb CSF / Alb serum ) 2,3 should serve as a better index of bloodbrain barrier disruption than CSF protein. However, this index has not gained popular use as part of the routine CSF panel.
Immunoglobulins
There is no evidence for the routine quantitation of CSF immunoglobulins with the exception of multiple sclerosis 17 . Low concentrations of immunoglobulins are normally present in CSF; IgG in the largest amount compared to IgA and IgM by virtue of its lower molecular size. Any disruption to the blood-brain barrier will increase CSF immunoglobulins concentration 2,3 . "Minimum standards" for evaluating multiple sclerosis has been published 16 . Isoelectric focusing and immunodetection is the gold standard for diagnosis in conjunction with the recognised staining patterns of oligoclonal banding and quantitative IgG. Automated к-free light chains quantitation is not recommended for routine MS diagnosis although it has been proposed as a tool for diagnosing and monitoring intrathecal immunoglobulin synthesis in inflammatory disorders of either infectious or autoimmune origin 18 . In neurological borreliosis, the IgM band may be discerned and IgM levels may remain elevated for decades. Such cases are referred to as CSF scarring 3 . Intrathecal IgE has also been reported in children with eosinophilic meningoencephalitis caused by angiostrongylus cantonensis using the radial immunodiffusion method 19 .
Cell Count and differential
Pleocytosis (increased cell count) may be caused by infectious or non-infectious processes. Automated CSF cell count and cytology using the same lab haematology cell counters seems promising in the quest for less inter-observer variance, more precision and improved turnaround time [20] [21] [22] . However, equipment manufacturers must convincingly prove the clinical reliability of their respective automated systems in routine practice in reliably differentiating the low cell counts in normal CSF from pathological states. A CSF leukocyte count of 0-5 cells/µL in an adult excludes CNS infection. Typically, acute b (100-10,000 cells/uL) with predominant polymorphonuclear cells, increased CSF protein (>0.5 g/L) and decreased CSF glucose (<2.5 mmol/L or <40% of concurrent serum glucose values). In contrast, the CSF white blood cell (WBC) counts in viral meningitis is <800/µL with lymphocytic predominance and CSF glucose levels that are slightly decreased or normal. The presence of ≥10/µL eosinophils is seen in parasitic infections and coccidioidomycosis 2,3 .
Cytology
Examination of CSF cell morphology is indicated in pleocytosis, leptomeningeal metastases, or pathological bleeding 2, 3 . Cells seen in CSF may be divided into four categories: mature peripheral blood cells, immature haematopoietic cells, tissue cells, and malignant cells. It has been estimated that positive cytology will be present in 15% of primary CNS tumours and 20 and 50% of metastatic tumors involving cerebral parenchyma and meninges, respectively.
The presence of blasts indicates haematopoietic malignancies, for example precursor B-or T-cell and Burkitt's Lymphoma/Leukaemia and acute myeloid leukemias. Plasma cells are indicative of antigenic stimulation of B-lymphocytes, for example in multiple sclerosis, viral meningoencephalitis, cysticercosis and syphilis. However, false positive results may be reported when inflammatory cells are mistaken for tumour cells or due to contamination with peripheral blood. 
othER CSF AnAlytES
There are many other analytes present in CSF that have not been sanctioned by expert groups or learned societies and remain in the realm of active investigation.
Chloride, Sodium and potassium CSF chloride, sodium and potassium have little clinical utility. CSF chloride and sodium closely parallel plasma levels under normal and pathological circumstances. However, drugs which decrease CSF formation (carbonic anhydrase inhibitors, loop diuretics) also block the movement of both sodium and chloride from CSF to plasma. Cerebral potassium homeostasis (ranging from 3.4-5.8 mmol/L) is maintained by a highly efficient mechanism in chronic hypokalemia or hyperkalemia as well as in SAH where large amounts of potassium are released into the CSF.
other tests
Other analytes reported in the CSF have yet to enter routine use include: acetyl cholinesterase, F2-isoprostanes, Amyloid β42-isoprostanes and Tau protein for Alzheimer disease 24, 25 ; Protein S100 in traumatic brain injury, stroke, cardiac arrest, cardiac surgery, infectious disease and neurocysticercosis 26, 27 ; α-synuclein for Parkinson disease 28 ; cytokines, inflammatory proteins, and iron-related proteins for amyotrophic lateral sclerosis 29 .
ConCluSIon
Based on current knowledge, it suffices for routine laboratory CSF panels to encompass only macro-and microscopic examination, protein, and glucose. Specimens should be sent to the Lab immediately and analysed within 1-2 hours from collection as cellular and biochemical constituents change rapidly, and to permit early diagnosis and treatment to decrease morbidity and mortality. CSF electrolytes (Cl, Na, Kl) are not useful. Protein S100 remains of investigative interest as are other markers touted for Alzheimer's disease, Parkinson disease, and amyotrophic lateral sclerosis. Lab findings should not be interpreted in isolation but in the context of the patient's condition and based on sound medical judgement and experience.
